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CHAPTER I 
INTRODUCTION 
':men studying visual size judgments it is possible to approach the 
problem in a number of ways. Attempts may be made to determine the influence 
of such factors as color, photometric brightness, distance, etc., upon 
judgments of size. In addition, one may systematically manipulate such 
factors as wental set, past experience, motivRtion, etc. Still another 
approach may be the investigation of suggestion and language as conditions 
which may affect the judgments of size. Thus, for such an apparently simple 
event as size judpment we see that many different approaches are possible. 
This three-fold breakdown is- 1ctually a sununary statement of the 
direction that experimentation and thought has taken in the general area 
of size judgment. A more careful inspection of the three approaches mi~ht 
lead one to expect data bearing on the response - judgment of size - as a 
function of certain specified, relevant stimulus variables and certain 
specified conditions of the responding organism. Hmvever, a survey of the 
literature shows that previous workers have been pre-occupied with attempting 
to isolate relevant features of the responding organism and their influence 
on size judgments. Very little investigation of the relationship between 
stimulus variables and judgments of size when features of the responding 
organism are held constant has been conducted. 
j_ 
Thus it is apparent that there is a need in this area for experimentation 
that would provide information concerning the relntionship between stimulus 
variables and judgments of size. Bartley (2), for example, has clearly indicated 
that there are four main variables which should be investigated when dealing 
with any sort of visual phenomena. These are: (1) illumination (photometric 
brightness), (2) time (i.e. duration of stimulus presentation), (3) area 
(i.e. of the stimulus involved) and (4) the illumination of the surroundin~ 
field. 
In regard to how such relationships mif!:ht be determined, Graham (6) 
has pointed out that the psychphysical methods serve as one of the most 
reliable ways of relating soJre measurable aspect of response to some 
measureable aspect of the stimulus. In other words, by such an approach we 
obtain the usual stimulus-response relationship. However, in the area of 
visual perception, we are usually more interested in determining a second order 
type of relationship - a stimulus-stimulus function as Graham calls it. !Iere 
we attempt to ascertain how one stimulus condition varies as a function of 
another stimulus condition in producing a constant response. This stuqy will 
be concerned in determining both types of relationships. 
Graham has defined the goal of a science of behavior as being the 
discovery of the relations implicit in the formula: 
R = f (a,b,c,d, ••• n ••• t ••• x,y,z) 
where the first letters of the alphabet (a,b,c, etc.) refer to properly 
specified aspects of stimuli; the last letters (x,y,z), to properly specified 
conditions of the organism; R, to response, n, to nwnber of presentations; 
and t, to time. From such an equation we can see then that any psychophysical 
function may be described as a special case of the equation: 
R = f {a) 
where all of the variables of the formula stated above, except R and a, 
are constant. 
2 
The present study was conceived in the broad relationship Graham 
suggests. That is, this study was designed to determine the psychophysical 
relationship between the response - judgments of size - and certain specified 
stimulus variables, and can be stated in the formula: 
% R = f (b,s, and a) 
where R = response judgment of size; b • photometric brightness; s = 
physical size; and a • particular instruction stimuli used. 
3 
CHAPTER II 
REVIE~f CF Tffl'~ LITER.~TURE 
While interest in the effect of photometric brightness on judgments of 
size antedates the science of psychology, reliable experimentation has been 
done to determine the quantitative effect of brightness on judgments of size. 
Helmholtz (7) noting that bright areas appear lnreer went on to indicate 
that the areas of narrow apertures and slits illuminated from behind are never 
estimated correctly. In the same volume he also notes how astronomers had 
difficulty in making size judp~ents in their observations of celestial bodies 
whose brightnesses differed. He attributed this phenomenon to a psysiolo~ical 
process which he called irradiation. He felt that the effect of irradiation 
was primarily due to the lack of sufficient accomodation in the visual system, 
and claimed that even under perfect accomodation this phenomenon of irra ::liation 
would still obtain. 
Amano and Shigeno (1), Ferree and Hand ( 5), Berger (3), ~Talls (12) and 
others have stated that the brighter object tends to appear larger, but 
present no evidence as to the quantitative relationship in their studies. 
Maier (9) 1929, attempted to ascertain the relevant factors involved 
in what he called the illusion of size in pin-hole vision. The experiment 
consisted of requirinp: the subject to equate a variable light source viewed 
through a large ·window with that of a standard light source viewed through 
various size pin-holes. He concluded that the differences in brightness 
between the two lip:ht sources tended to make the brip:hter look lar~:Yer within 
a range of 2 nun. However, the report of the study presents no data that 
allows the reader to ascertain how 1~aier arrived at this conclusion. 
4 
Holway And Boring (8) were the first to systew<3ticall:v study the effect 
o.f brightness upon judgments of size, althoup-h they v.ere primarily interested 
in explaining the moon illusion. They had three suhjects view, from a rie:ht 
angle junction of hvo lonr: corridors, a st:mdard liP'ht stimulus appro:xir.lately 
20.8 11 in diameter, and eauate for size to this source a variable light stirnulus. 
Eoth li!!ht sources were equidistant from the sub,ject. In the first experiment 
this distance was approximately 100 feet, and in the second 200 feet. The 
intensity of the SLS was 2.4 ml. and provision was made so that the intensity 
of this light source could be reduced by filters to 0.10 and 0.01 of the 
original intensity. They found thnt the r:roater the decrease in illU.'11inH.tion 
of the SLS, the peater th8 decrease in size adjustr1ent of the VLS. In 
addition, they reported that when the distance of the lif"ht sources fran the 
subject increased, the effect of decreasing the illumination increased. A 
control feature that mip;ht be questioned in this experiment is the change in 
pupil size likely to occur 1'1hen sub,iects independently view two lip,ht sources 
differing in brightness. 
The next and most recent study by Pheiffer (10) was designed to deter!lline 
the discriminal limits for discs of lir:ht over a range of 1/gu to 2 11 in 
diameter when the distance between the discs and the observer was 15 feet. 
In the process of his experimentation he found that amone: other thin~s the 
brightness of the discs involved was an important factor in the problem 
stated above. He thereupon performed two experiments to further e~!lore the 
effect of brightness. 
In the first experiment, using two subjects, he presented a trans-
illwninated standard light stimulus v;hich consisted of a lie"ht source behind 
5 
an opal glass, and a variable lirrht stimulus '··'rlich Y·:as rrojected on a screen 
above the SLS. There were 9 different sizes of the Sl.S ( .1~75 11 in diameter 
to 2.000 11 in diameter), and the subject was required to equate the VLS to 
the SLS. There were three brightness conditions used. He found for some 
sizes that the brighter disk appeared larger and from his data he concluded 
that the limit to which brightness can increase the size of a disk is in the 
order of 2/32rt or .0625 11 • 
In his second experiment, he used essentially the same apparatus exc·_,~,t 
that by means of filters he changed to four different brightness differences, 
and the nur.'lber of standard stimulus sizes was reduced from nine to four. 
Here he used five sur\~ects and although he experienced considerable subject 
djfficulty, he once again came to essentially the sarne cor:clusions as in 
the first experiment. 
It is important to note that one pertinent finding of this study was 
th.st the degree of the effect of brightness is dependent upon the size of 
the object used. In his first ,;xperiment the rel01tionship was found with 
SLS sizes in the vicinity of two inches in dianeter. "~s the sizes of the 
SLS were reduced - 1.372 11 and 1.125 11 - the relationship did not hold. '.Vith 
the very small sizes - on the order of .lg'?5 11 and .5€>25 11 in diameter - the 
blur due to increased briphtness was such that the subjects were unable to 
judge the size of the circular areas of lit:ht. 
Lastly, Pheiffer hypothesized that the "causal" f3.ctor in the relat:..on-
ship between brip;htness and size lay in the raising of the subliminal blur 
circle to a supraliminal condition thereby causin;:;: the brir':hter light to 
appear larger. 
6 
:<'rom these last tvw studies s orne important factors h;we emerged that 
must be taken into consideration of one is to further explore this area: 
(1) It can he seen that the visual angle the li,€ht sources subtend 
is an important factor and must be held constant. 
(2) .Uthough Pheiffer explored different sizes, no one of the size 
levels has been thoroughly explored. 
(3) In addition to the usual controls for color temperature change 
in the light sources, homogeneous illumination, etc., it appears necessary 
to reduce or eliminate the 11 halo 11 found when the brirhtness of the light 
stimulus is increased. 
(4) The effect of different levels of photometric brightness should 
be investigated. 
7 
CHAPTER III 
THE PROBL4lf AND D'EFINITIO!--J'S OF TERMS 
I. T~ PRORL ~-~ 
Statement of the Problem. The purpose of the present study was (1) to 
determine the joint effect of size and photometric brightness on judgments 
of size under monocular and binocular conditions, and (2) to investigate 
whether this relationship holds for various absolute levels of photometric 
brightness. 
II. DEFINITIONS OF Tffi\t::J 
Photometric Brightness. The term photometric brightness will be used in 
this study in accordance with Sears definition: 
"The correct technical term for the quality referred to as 
brightness is luminance. Luminance equals photometric brightness"1 • 
At all times the term will refer to the stimulus itself, and not to how 
it appears to the subject. The measnrement of the photometric brightnesses 
used was obtained by means of the ~.~acBeth Illurninometer. With such an 
instrument foot-lamberts can be read directly. The term 11 brightness 11 will 
be used in this paper as a contraction of ''photometric brightness". 
Physical Size. This refers to the diameter, in inches, of the circular 
areas of light which served as the stimuli for this study. This was measured 
by means of Vernier Calipers. 
1. Sears, Francis W., Ootics, Addison-~'Jesley Press Inc., Ccunbridge, l.~ass. 
1949. 
Size Judgments. This refers to the responses of the subject when presented 
with the two circular areas of li[J"ht. The su}:..iect can make one of two 
nossible responses: 11The left lie:ht is smaller" or "The right light is 
smaller''. 
9 
CHAPTER IV 
APP~~ATUS AND PROCEDURE 
I. APPARATUS 
A. Major Components. Basically the apparatus consists of two light sources 
and an observer's station. The observer's station is located in the fore-
ground of figure 1. The subject, whose head is firrrly positioned in a 
modified welder's mask, looks at the two light sources through a 1.75 x 
3. 75 - inch opening in the front of the mask. An opaque window, hinged 
above the opening, may be opened and closed at will by the subject. A 
wooden cross-bar on the steel frame serves as an arm-rest for the subject. 
to 
On the left and just below the mask, there is located an intercommunication 
unit with which the subject may speak with the experimenter who is positioned 
behind the two light sources. Figure 2 illustrates the subject's view through 
the opening in the mask vmen the room is illuminated. However, when the room 
is darkened, he sees only two illuminated surfaces. 
Figure 3 is a close-up of the two light sources. The light source on 
the left was spatially fixed and is the standard light stimulus (SLS). The 
light source on the ri,c;;ht was spatially variable and is the variable light 
source (VLS). Each stimulus was an evenly illuminated opal glass disc. 
Each light source consisted of a wooden housing unit and a projecting 
tabular baffle system (fif!UI'es 4a and 4b). Both housing units were of the 
same length (16. 5 inches) and ·width ( 6 inches), but the VLS was 18 inches 
in height and the SI,S was 6 inches in height. 
Figure 1. General Layout 
Figure 2. Light Sources as Seen from Observer's Station 
Figure 3. A Close·Up of the Light Source Units 
In order to be able to check from time to time as to whether the 
subject was keeping his head in the mask, a battery-operated Sniperscope 
(a portable infra-red vievdng device) was mounted on the SIS stand. 
B. Control for Accomodation. In order to exclude accomodation cues from 
influencing judgments of size the SLS was fixed at a distance of 25 feet from 
the observer's station. The vr_s was mounted on a 10 foot long steel track, 
the mid-point of which was also 25 feet from the observer. The distance from 
the center of the circular light sources to the floor, as well as the distance 
from the center of the opening in the mask at the observer's station to the 
floor, was 57 inches. The entire apparatus was leveled and rigidly mounted. 
c. Control of Stray Light. Baffle tubes were added to each light source to 
eliminate stray light which might provide the subject w:Lth extraneous cues in 
judging the size of the light sources. The cylindrical tubes, 25 inches in 
leneth and six inches in diameter, were made of black paper bakelite. Five 
circular aluminum baffles, with a 2.9 inch diameter opening in each, were 
placed at 5-inch intervals throughout the length of each tube. The entire 
apparatus was painted a flat black inside and out. 
D. Control for Homogeneous Disc Illumination. Since the filaments of the 
lamps used produced a dark spot on the opal disc, the following measures were 
introduced to produce homogeneous illumination. Within each housing unit 
(figure 4) the 6-volt, 3. 75 amp microscope illuminator lamp 'Nas mounted in a 
spring-loaded socket. A rotatable supporting base for the lamps was mounted 
in the center of a movable 6x6 inch base plate. Thus, the lamps could be 
rotated through 360 degrees. 
':;"lhen the base plate was moved to the front end of the unit, the center 
of the lamp's filament was three inches from the circular opal glass, mounted 
adjacent to the housing at its junction ·with the baffle tube. The white oral 
glass, 3.5 inches in diameter and 3/32 of an inch in thickness, provided a 
uniform homogeneous surface. 
It was also necessary to correct for a non-uniform distribution of 
illumination on the opal glass of the VLS which occured with maximum diaphragm 
opening and minimum distance between the lieht bulb and the opal glass. 
Apparently, some of the light at the periphery of the opal glass was being 
reflected rather than t ransrnitted through the glass. To do this a white, 
Bristol-board cylinder, two inches in length and 3 3/S inches in diameter, 
was installed at the entrance to the baffle tuhe on the inside wall of the 
housing of the VLS unit. 
E. Control for Color Temperature Change. The position of the lamp and hence 
the illumination on the opal glass could be varied by means of a circular 1/4 
inch steel rod which was connected to the base plate, and which extended out of 
the housinp at the far end. The change in illumination followed the inverse 
square law. The rod was calibrated every 1/2 inch from 0" to 10 11 to indicate 
the distance which the lamp had been moved within the unit. Thus, when the base 
plate was at the extreme forvmrd position, the marking on the rod read 10" and 
the filament of the lamp was 3 inches from the opal glass. When the rod read 
0 11 the lamp was. 13 inches from the opal glass. These settings will be referred 
to as the distance settings of the lamp. In this way, a brightness gradient 
was obtained without any color temperature change. In addition, provision was 
made so that square, 'Nratten Neutral Density Filters could be placed over the 
first baffle on the front of both the SLS and VI,S baffle tubes (not shown in 
figure 3). These filters served two purposes: (1) it permitted the experimenter 
to obtain the photometric brightness levels desired, and (2) equally important, 
it further reduced the scattering of the light so that with the baffle system 
BRISTOL BOARD CYLINDER 
DIAPHRAGM FLANGE 
DIAPHRAGM ARM 
IRIS OJ APHRAGM 
A- VLS UNIT AND 
BAFFLE TUBE 
POSITIONING 
RODS 
B- SLS UNIT AND 
BAFFLE TUBE 
KNIFE- EDGE UNITS 
BASE PLATE 
Figure 4. Outline Drawing of the Light Source Units ~ ~ 
and the filters any 11halo" effect around the lights was eliminated. 
F. Control for Light Sc3tter. Between the housing and the opal glass disc 
an aluminum lmife-edSJ;e was installed to eliminate li.t:'ht scattering. The 
knife-edge in the SLS was two inches in diameter, while that on the VLS was 
three inches. This difference was necessary because there was a variable 
diaphragm on the opposite side of the opal glass from the knife-edge in the 
VIS which could be varied by the experimenter from 1.6 to 2.4 inches in 
diameter. Looking at figure 2 part of this diaphragm system can be seen 
extending from the housing unit. However, since thi..s same apparatus was used 
for other experiments there were some changes made not shown in figure 2. 
Fj_rst of all, the long rod extending from the diaphragm system to a point near 
the base of the housing unit was disconnected. Secondly, a stiff piece of 
cardboard was mounted behind the horse-shoe shaped brass handle that was 
attached to the diaphragm. The arm seen in figure 2 extending up fran the 
baffle system in the center of the brass handle directly connected to the 
diaphragm itself. Moving this arm changed the size of the diaphragm openin~. 
One edge of this arm was made into a knife-edge so that it could be used as a 
pointer. Then the cardboard mentioned above was calibrated so as to read 
equal .025" increments of change in size of the diaphragm itself. Hence, 
setting the knife-edge of the arm at any one of these calibrations resulted 
in the diaphragm having the corresponding diameter. 'Jith such a modification, 
the experimenter could vary the size of the VIS from 1.6 to 2.4 inches in 
diameter merely by moving the arm mentioned above. 
G. Power Supply. The electrical system (110-volt ac) consisted of a 
voltage regulator, a variable transformer (variac), and a 6-amp filament 
transformer. The voltage regulator, the variac and the 6-amp transformer 
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were in series. The two lamps were in parallel from the last unit in the 
series. 
H. Control of Auditorv Cues. The apparatus was located in a large basement 
room, twenty-five by fifty feet, which was light tight. The room was warm 
because numerous water and steam pipes were situated along the ceiling and 
floor. The room was ma.de more comfortable by the installation of two fans. 
An exhaust fan located near the subject removed the warm air and a floor fan 
in the middle of the room circulated the remaining air. Both fans made 
enough noise to mask any sounds occuring in the operation of the apparatus 
by the experimenter. 
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II. PROCEDUP.E 
A. liajor i!:xperiment. 
1. Objectives. The objectives of this experiment were to determine the 
effect of photometric brivhtness on judgments of size. That is, (l) to deter-
mine the psychophysical relationship between the percent frequency of 11 smallerrr 
responses to the VLS And the size of the VLS, ' . .,rith brightness ratios as a 
parameter, (2) to obtain a stimulus-stimulus relationship between the size 
of the VLS and the bri£Thtness ratios with frequency of smaller responses as 
a parameter, and (3) to obtain the relationships in (1) and (2) under both 
binocular and monocular conditions. 
a. Determination of Size Interval. It -,,'as first necessary to obtqin 
some information as to \·.hat increments of size of the VLS would be small 
enough so that the responses to the VLS by the subject would not be all 100;; 
smaller or larger. A pilot study with two subjects was done to determine the 
increment value to be used, usinp the n~thod of constant sti~mulus differences. 
This proved to be .025 inches. This value was then incorporated in the main 
experiments as the interval between the seventeen different sizes of the VIJS. 
'!'he mid-point of these seventeen different sizes corresponded to the size of 
the SLS (2.000 inches) ·with eir-ht increments larger than the SLS and eight 
increments that were smaller. 
b. Determination of Bri~htness Ratios. In addition, it was necessa~ 
to obtain photometric brightness ratios that were not so 1 'lrge (or small) so as 
to obtain "larger" or "smaller" responses 100% of the time. In the same pilot 
study, it was found that a photonetric brip:htness ratio of 7. 5:1 would, when 
combined 'l'.rith certain sizes, e:ive 100% smaller responses; while a photometric 
'l ,_, 
- ( 
brir,htness ratio of 1:7.5 would, when combined ·with certain other sizes, ~7,i ve 
100% larger responses. The ratios chosen for the 1'1ain experiments fell ·within 
these limits. Except for the 1:1 ratio, the difference between the lights was 
well a hove the differencA threshold level for brj ,ahtness. The ratios used 
were 6.25:1, 2.501;, 1:1, 1:2.50 and 1:6.25. 
For example, to obtain a r8tio of 6.25:1, the SLS had a photometric 
bri.P.;htness of 13.0 ft. lam.berts and the VLS had a photometric brightness of 
2.08 ft. lamberts. Or to obtain a ratio of 1:2.5 the VT~S would have a photo-
metric brightness value of 13.0 ft. lamberts, r.rhile the SLS had a photametric 
brightness value of 5.2 ft. lamberts. 
'dhile on this point, it should be stressed that although the photometric 
brightness ratios used rem2in constant throu,ahout, vrhen the VLS was varied i.."'l. 
size the total illumination for all brightness ratios - except 1:1 - varied. 
That is, the 1 arger the size of the VLS at any particular setting, the greater 
the total illumination. 
2. Experimental Sessions. Both subjects participated in approximately five 
experimental sessions per week over a period of eil7ht weeks. 'Ench session was 
two hours in length. However, to overcome the ef±'ects of fatigue and boredom, 
a fifteen minute rest period \;as introduced in the widrlle of the two hour 
~Jeriod. An additional ten minutes \Vas used y:rior to each experiment2l session 
to partially dark adapt the subject and to allow for a brief review of the 
experimental instructions. 
3. Daily Sessions. Before the subjects entered the experimental room they 
were partially dark adapted for ten minutes by wearing a pair of dark goggles. 
The goggles allowed both subjects to be brought to apcroximately the same level 
of dark adaptation. At the same time, the subjects were unable to acquire 
lcnowledp-,e of the apparatus and dimensions of thA experimental room. 
After this period of dark adaptation and receivinf the instructions, the 
subject was led in to the experimental room and seated at the observer's 
stutj_on. By !!leans of the instructions the subject vms inform2d that his w'3in 
task was to report -v1hich li!!ht appeared smaller, the one on his left or the 
one on his right. 2 After the subJect had been seated, he was reminded to keep 
his head in the mask at all tines until the rest period was taken. Before ;;Jll 
rest periods the stimulus lights were turned off so that the suhj ect could not 
see the stimulus liehts while putting the goggles back on for the rest periods. 
Before the first experimental session the entire set of instructions 'Nere 
read. In succeedine sessions only the parts havinp- to do with the precautions -
e.g. l<eeping the head in the mask at all times etc., and the responses required, 
were read. After the completion of the two hours the subJect put on the dark 
goggles and was led out of the experimental ~oom. 
4. Method Used. The method of constant stimulus differences was used 
throul!hout the main experiment. Since there were five different photometric 
brightness ratios and seventeen different size increments of the VT .. S, a total of 
g5 different stimulus combinations was possible. For both subjects the g5 
different stimulus combinations (one run) were presented until the response 
freouency curves stabalized. This occured under binocular conditions after 30 
runs; in other words, a total of 2,550 responses per subject. Under monocular 
conditions, 20 runs were necessary to obtain stable curves. Both subjects were 
run first under binocular conditions and then monocular conditions. Under the 
monocular viewing conditions the subJect used his preferred eye. For both 
subjects this J;roved to be their right eye. The other eye was covered vdth a 
2. See Appendix (A) for complete instructions. 
black eye patch. To be certain that all lir:ht woul:-1 r ~ eliminated, and also 
to add to the coD~ort of the subject, several thicknesses of tissue were 
placed between the patch and th0 closed e~re. Stimulus presentation was 
randomized by means of a table of random numbers. 
5. Responses Recorded. The raw data obtained consiRted of a series of 
responses of "ri.sht 11 and "left 11 rnade by the subject to the different size and 
photometric brightness combinations. The response "rightn, for example, 
meant that the light on the subject 1 s right (VLS) appeared smaller to him. 
All of the data are reported in terms of the smaller responses to the VLS. 
No ti.11e l:iJ"j_t for responc:O n11 was imposed. In generAl, the subjects took 
about 1.5 seconds to respond. 
6. Subjects. Two naive subjects with v:isual acuity of 20/20 in each eye 
(Standard Snellen Chart) were employed in the present study. One subject, 
J. H., also particip?ted in the pilot study. Both subjects were female un-ier-
r;r"'duates- J. H., ~r;e 21, and C. F., af!e 22. Both were paid at the rate of 
one dollar per hour. 
7. BriP:htness LevBl. The brightness level in this experiment was 13.0 ft. 
lamberts. This was accomplished by a 37.0% tr~nsnussion, Wratten Neutral 
Density Filter placed at both the standard and variable lir:ht sources. 
B. }~inor F.xperiment. The objectives of this experiment were to determine 
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(1) the influence of photometric brightness on judgments of size when brightness 
levels are varied. This was examined under monocular as Yrell as binocular 
conditions. 
The same subjects as in the main experiment were used. The apparatus, 
experimental room, etc., remained the same except for a modification in the 
instructions concerning the response. Instead of statinP: ''lhether the ri.P:ht or 
left light was smaller, the subjects were now reouired to judge whether the 
light on their right was smaller or larger than the light on their left. The 
3 
up-down method was used throughout the experiment. 
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In this experiment three photometric brightness levels were used. They 
were: 13.0 ft. lamberts, 3.33 ft. lamberts and .035 ft. lamberts. The 13.0 ft. 
lambert level was obtained in the same way as described in the main experiment. 
To obtain a level of 3.33 ft. lamberts a 9.5% transmission filter was placed 
in the filter holder described earlier. The .035 ft. lamberts level was 
obtained by combinir~ the 37.0% plus 9.5% transmission filters. The brightness 
ratios used were exactly the same as in the main experiment and these ratios 
were used throughout the three different levels. 
The procedure consisted of presenting the subject with the light sources 
set at a particular brightness ratio. The subjects ~rere first run under 
binocular conditions at the 13.0 ft. lamberts level with the five ratios in 
the order: 6.25:1, 1:1, 1:2.5, 1:6.25, and 2.5:1. The same order of ratios 
was then repeated for monocult:l!' conditions. This procedure was repeated for 
the 3.33 ft. lamberts and the .035 ft. lambert levels. 
The up-down proceeded in the following way. The VLS was set at a size 
for which the subject would respond that it was larger than the SLS. The 
subject was then presented the two lights and his response recorded on the 
first few responses was always "larger". Each time the subject responded 
"larger11 the E made the VLS smaller by one increment. This was continued 
until the subject finally responded "smaller". Then on the first "smaller" 
response the E set the VIS one increment lare;er and continued until the 
subject reversed his response again. In other words, the E always set the 
VLS one increment in the opposite direction of the subject's last response. 
This was continued until an 11N11 of approximately 59-65 responses was obtained. 
The particular size N for any particular ratio and level varied between these 
3. See Appendix (C), Figure F. 
fip:ures. 
A fairly normal frequency distribution of smaller or larger responses 
around a particulRr ranp;e of VJ,S settings was ohtained. 4 For any particular 
photometric brightness level - e.g. 13.0 ft. lamberts - there was obtained 
5 such frequency distributions (one for eAch photowetric briP:htness r?tio) 
tmder binocul cr viewing conditions, and 5 frec:uency d.."Lstribution under mono-
cular vievdnp; conditions. The same was true for the other two brightness 
levels. 
Since there were 5 different ratios per level, and 3 different levels, 
the total N obtained for any one subject with binocular viewinp; conditions 
was approximately 1goo. The N obtained under monocular conditions for each 
subject was approximately the same. 
The means of these frequency distributions vrhen computed represent the 
Point of Subjective Equality. Thus, the influence of photometric briEr.htness 
on judgments of size at other bri~htness levels could be determined by 
plottinp, the Point of Subjective Equality of size against the logarithm of 
brightness rAtios ·w:i.th bri,a:htness levels as A !'arameter. As in the main 
experiment, all the points were connected ·w:i th straight lines and yield 
e~perical curves. 
4. See Appendix (C), Figure F. 
22 
CHAPTrn V 
ANALYSIS OF RlWULTS 
I. MAJOR EXP"S':U:MENT 
A. Joint Effect of Brightness snd Size on Size Judgments Under Binocular 
and l.~onocular Viewing Conditions 
1. Binocular and l.~onocular Viewing 
In order to demonstrate the joint effect of brightness and size 
on judgments of size, psychophysical curves were drawn from Tables 
I through IV and can be seen in Figures 1 through 4. The data was 
plotted on arithmetic-probability paper to determine whether the 
psychophysical functions obtained were ogives. Although some of 
the curves for certain brightness ratios approached linearity, in 
general they ~".ere not linear. For this reason it was decided to 
connect all the points with strai~ht lines. Therefore, all of the 
fiP-ures drawn are empirical curves. 
Looking at Figures 1 and 2 (based on Tables I and II) with the 
1:1 ratio as a reference curve, we see, for example, that the 6.25:1 
and 2.5:1 curves are displaced to the right indicating that VLS 
settings greater than 2.00011 are still being responded to as 
"smaller". Conversely, the 1:6.25 and 1:2.5 curves are displaced to 
the left of the reference curve indicating that, although the VI..S 
settings are smaller than the sr,s, the brightness of the VLS 
delayed the reaching of 100% 11 smaller 11 responses. 
Figures 3 and 4 (based on Tables III and IV) show the psychophysical 
curves for both subjects under monocular viewing conditions. The 
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t.~ 
~'1 
1.800 
1.825 
1.850 
l.f!r/5 
1.900 
1.925 
1.950 
1.975 
2.000 
2.025 
2.050 
2.075 
2.100 
2.125 
2.150 
2.175 
2.200 
TABLE I 
Per Cent ~·requency of "Smaller" Responses for each Combination 
of Brightness Ratio and Variable Light Stimulus Size. 
Binocular Viewing. Subject: J. H. 
6.25:1 2.5:1 1:1 1:2.5 1:6.25 
100.0 
m.o 
80.0 
100.0 40.0 
67.0 17.0 
100.0 100.0 17.0 03.0 
97.0 37.0 10.0 o.o 
100.0 77.0 43.0 03.0 
oo.o 43.0 o.o o.o 
57.0 10.0 
23.0 o.o 
17.0 
o.o 
TABLE II 
Per Cent Frequency of 11 Srnaller 11 Responses for each Combination 
of Brightness Ratio and Variable Light Stimulus Size. 
Binocula.r Viewing. Sub,iect: C. F • 
. 6.25:1 2.5:1 1:1 1:2.5 1:6.25 
1.000 
l.S25 100.0 
1.850 97.0 
l.S75 100.0 100.0 50.0 
1.900 97.0 67.0 27.0 
1.925 100.0 97.0 43.0 13.0 
1.950 97.0 S7.0 10.0 o.o 
1.975 93.0 47.0 o.o 
2.000 100.0 70.0 17.0 
2.025 90.0 63.0 o.o 
2.050 77.0 13.0 
2.075 20.0 o.o 
2.100 23.0 
2.125 03.0 
2.150 o.o 
2.175 
2.200 
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same relationship noted above is evident. 
2. Reliability of the Data 
In order to determine whether there were any systematic chanr,es 
between responses over the course of the experiment the first 15 runs 
were plotted and compared with the last 15 runs for both sub,jects 
under binocular viewing conditions. Similarily, the first 10 runs 
were compared with the last 10 runs for both subjects under monocular 
viewing conditions. Inspection of these curves revealed that there 
were no major trend differences (see Appendix B). 
B. Effect of Stimulus Size on Judgments of Size at Different Values of 
Brightness Ratios 
1. Binocular Viewing 
It is readily apparent from Tables I and II that when the 
brightness ratio is held constant there is a consistent decrease 
in the percentage of smaller responses as size increases. This 
trend is systematic throughout except for two inversions: one 
inversion for J • H. in the 1:1 brightness ratio column, and one 
inversion for C.F. in the 6.25:1 brightness ratio column. 
2. Eonocular Viewing 
Tables III and IV show the same trend tmder monocular viewing 
conditions. That is, the percentage of smaller responses decreases 
as size increases. There are no inversions for J.H. and only one 
inversion for C.F. in the 2.5:1 brightness ratio column. 
C. 'Sffect of Brightness on Judgments of Size when Fhysical Size is Held 
Constant 
1. Binocular Viewing 
The systematic effect of brightness is seen when size is held 
2H 
.... 
z 
~ 
~ 
~ 100 
!: 
en 90 
Ill 
80 en z 
f 70 en 
Ill 
~ 
60 
~ 
Ill 
50 ...1 
...1 
c 
40 2 en 
II. 30 0 
li 20 
z 
Ill 10 ~ 
0 
Ill 
0 ~ II. 
1.800 
I 
,;, 4& 
MONOCULAR VIEWING 
( SUBJECT : J. H.) 
\ \·'\. 
\ \ \ 
\ \ \ \ \ \. \ \ 
\ \ \ ' 
\ '\ '\ \ \ . \ ' 
\ \ ' \ 
\ \ I \ 
\ \ \ \ 
\ \ I ' 
\ ·. \ \ 
• \ 1 \ 
\ \ \ \ \ ' I 
\ \ I \ \ . I 
. I 
\ \ I 
\ 
1.900 2.000 2.100 
RATIO OF BRIGHTNESS 
OF STANDARD STIMULUS 
TO VARIABLE STIMULUS 
6.2~1 
2.5•1 
1:1 
1•2.5 
1•6.25 
2.200 
DIAMETER OF VARIABLE LIGHT STIMULUS IN INCHES 
'*' •· =··· ...... ~·-·'· '· • ) <!' I_, ,..,. • --~-,--,---
Figure 3. 
Percent Frequency of 11Srnaller 11 Responses as a Function of Size of the Variable Light Stimulus and 
Brightness Ratios. !lonocular Viewinp,. Subject J. H. 
lY 
~,.. 
.._ 
---------
MONOCULAR VIEWING 
I 
(SUBJECT : C. F.) 
·I .... z ~ 
Ill: 100 1&1 
' 
\ "-, ,../\ 
' 
CL . ' 'v ... \ 
"· \ \ \ ~ \ \ \ \ 
' \ ' \ (I) 80 \ ' RATIO OF BRIGHTNESS 1&1 \ ' . (I) \ 
' 
\ OF STAN>ARD STIMULUS z 70 \ \ \ 0 I TO VARIABLE STIMULUS CL \ . I \ (I) 
60 \ \ I 6.25:1 1&1 I \ -----·-Ill: \ \ I \ I 2.5•1 --------
'I Ill: 50 \ . I ,j . I \ 1•1 -------1&1 \ \ I ..J I \ 1•2.5 ----..J 40 \ \ I ---, c I I 1•6.25 2 \ \ I . (I) 30 
' 
I \ \ I . II. I \ 0 \ I 20 \ \ I \ ~ \ \ \ 
' 
\ z 10 \ ' 
' \ 1&1 \...... ' ~ 
' 
I 
0 0 
" 1&1 Ill: 1.800 1.900 2.000 2.100 2.200 
II. 
DIAMETER OF VARIABLE LIGHT STIMULUS IN INCHES 
~---~--------------------------~ 
Figure 4. 
Percent Frequency of "Srnaller 11 Responses as a Function of the Size of Variable I.ight Stimulus and 
Brightness Ratios. Monocular Viewing. Subject C. F. 
~ 
-
· ... :m~ 
1.800 
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TABLE III 
Per Cent Frequency of nsmaller" Responses for each Combination 
of Brightness Ratio and Variable Light Stimulus Size. 
Monocul&r Viewing. Subject: J. H. 
6.25:1 2.5:1 1:1 1:2.5 1:6.25 
1.850 
1.875 
1.900 100.0 100.0 
1.925 100.0 80.0 30.0 
1.950 80.0 55.0 10.0 
1.975 100.0 100.0 65.0 35.0 . 05.0 
2.000 95.0 75.0 30.0 o.o o.o 
2.025 75.0 55.0 05.0 
2.050 50.0 o.o o.o 
2.075 25.0 
2.100 o.o 
2.125 
2.150 
2.175 
2.200 
TABI.E IV 
Per Cent Frequency of 11Smaller 11 Responses for each Combination 
of Brightness Ratio and Variable Light Stimulus Size. 
Monocul.'3.r Viewing. Subject: C. F. 
6.25:1 2.5:1 1:1 1:2.5 1:6.25 
1.$00 100.0 
1.825 80.0 
1.850 50.0 
1.875 100.0 25.0 
1.900 30.0 10.0 
1.925 100.0 05.0 o.o 
1.950 100.0 70.0 o.o 
1.975 95.0 25.0 
2.000 100.0 10.0 
2.025 100.0 75.0 o.o 
2.050 90.0 15.0 
2.075 55.0 o.o 
2.100 40.0 
2.125 40.0 
2.150 o.o 
2.175 
2.200 
constant. Table I shows that there is a steady, consistent 
decrease in the number of 11 smaller 11 responses when the size of 
the VLS is held constant. Close examination reveals that there 
are no inversions. ThR.t is, looking from left to right across the 
columns for any size of the VIS we see that any particular percent of 
smaller responses on the left is greater than the percent smaller 
responses on the right. The same situation is found in Table II. 
2. Eonocular Viewing 
It can be seen in Tables III and IV that when size is held 
constant there is again a steady, consistent decrease in the number 
of "smaller" responses. 
3. Sample Empirical Curves 
In order to see the effect of brightness more easily, additional 
curves were derived from Figures 1 through 4. The size of the VLS 
is held coretant at 2.000 11 and the percent "smaller" responses is 
plotted against the logarithm of the brightness ratios. Loo~ing at 
Figures 5 and 6 it can be seen that as the relative brightness of 
the VLS is decreased, the percent "smallern responses to the VIS 
gradually increases. This is true for both subjects under both 
viewing conditions. 
D. Stimulus-Stimulus Relationships 
In addition to the usual S-R type of relationship, it is also 
useful to determine the relationship between the two stimulus 
conditions. That is, to ascertain h~r one stimulus condition varies 
as a function of another stimulus condition in producing a constant 
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response. To obtain this type of relationship the 50% (and the 
25% and 75%) "smaller" response frequency values were taken for 
each brightness ratio and plotted against the corresponding size 
of the VLS. Figures 7 through 10 were derived in this manner from 
Figures 1 through 4 respectively. 
Turning to Figure 7, it can be seen that under binocular 
viewing conditions, a regular, consistent decrease in the size of 
the VI,S is necessary to obtain a 50% 11 sma1ler" response as we go 
from a brightness ratio of 6.25:1 to 1:6.25. There are no inversions, 
and the same consistent trend is evident also for the 25% and 75% 
levels of response. Figures 8, 9 and 10 shew the same type of 
relationship as revealed in Figure 7. 
It is of interest to note that the joint influence of brightness 
and size does not produce equal deviation from the 2.00011 VLS 
size-setting around the 1:1 ratio - the reference point. This is 
true for both subjects under both vie~dng conditions. 
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TABL;-;; V 
Size of the Variable Light Stimulus at the Point of Subjective Equality 
for the Three l,evels of Brightness. Binocular and ~ onocular Viewing. 
Subject J.H.(B) 
13.0 ft. 1amberts 
3.33 ft. 1amberts 
.035 ft. lamberts 
Subject C.F.(B) 
13.0 ft.lamberts 
3.33 ft.lamberts 
.035 ft.lamberts 
Subject J.H.O.Q 
13.0 ft. lamberts 
3.33 ft. lamberts 
.035 ft. 1amberts 
Subject C.F. (M} 
13.0 ft. 1amberts 
3.J3 ft. lamberts 
.035 ft. lamberts 
Subjects: J. H. and C. F. 
1:6.25 
1.896 11 
1.876'1 
1.824 11 
1.885 11 
1.85811 
1.8'25 11 
1.904. 11 · 
1.874. 11 
l.EU8" 
1.851" 
1.845" 
1.805" 
1:2.5 
1. 902 11 
1.907'' 
1.892 11 
1.904" 
1.89811 
1.867 11 
1. 927" 
1.919" 
1.879 11 
1. Er78" 
1.87811 
1.852" 
1:1 
1. 965 11 
1.98111 
1.972 11 
1. 94.9 rr 
1. 94.9 11 
1.932" 
1.964" 
1.98211 
1.975" 
1.97011 
1. 945" 
1.916" 
2.5:1 
1.999" 
2.025 11 
2.04.3" 
2.024. 11 
2.04.0 11 
1. 974. 11 
2.019" 
2.015" 
2.04111 
2.0L!5 11 
2.023" 
1.952" 
6.25:1 
2.016 11 
2.054" 
2.08811 
2.057 11 
2.034." 
2.071'' 
2.032 11 
2.042 11 
2.10111 
2.089" 
2.075" 
2.065" 
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II. MINOR ~XPBRTiffiNT 
A. The Effect of Different Levels of Brightness on the Size-Brightness 
Relationship 
1. Binocular and :Monocular Viewing 
This experiment was designed to provide s orne information as to 
what would be the effect on the Size-Brightness relationship when 
the level of brightness was changed. It is conceivable that the 
relationship obtained in the 1~ajor Experiment might vary in either 
of three main directions as the level of brightness is decreased: 
(1) the effect of brightness is increased, (2) the effect of 
brightness is reduced, or even reversed, and (3) the relationship 
remains unchanged. 
The results of this investigation are plotted in Figures 11 
through 14 (based on Table V). Looking at Fi~ure 11 (subject J.H.) 
we see that the relationship between brightness and judgments of 
size remains unchanged. The brighter object was still reported as 
larger and the effect of brightness is not greater at any one level 
of brightness than at another. In Fi~es 12, 13 and 14, it can 
also be seen that brightness levels do not alter the basic relation-
ship found in the Major Experiment. 
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III. SYSTEf\fATIC ERROR (BI1\S) 
It has been apparent that a systematic bias has been running throu~hout 
the results of both experiments. That is, both subjects responded to the 
VLS as being larger than its actual physical size. In Table VI we see, for 
example, that the Constant Error, which theoretically we might expect to be 
zero, is consistently minus in value. Table VII, which contains the Constant 
Errors for both subjects in the M:inor Experiment, shows the same bias. As a 
matter of fact, the bias there is even greater in many instances. 
A possible clue to the increase in the bias in the Minor ~xperiment is 
the change in instructions. In this experiment the subject was reauired to 
respond whether the light on his right was larger or smaller than the one on 
his left. Thus, the light on the left (SLS), although it was not explicitly 
stated, became the standard. Under these conditions many other investigators -
e.g. Holway and Boring (8), Pheiffer (10), - have found that the stimulus to be 
judged tends to be responded to as larger than the comparison stimulus. This 
phenomenon is generally referred to as "space error 11 • 
Attributing this bias to space error, ho1rever, does not hold up in the 
Major Experiment since the instructions there reauired the subject to report 
which light appeared "smaller'", the one on his left or the one on his right. 
Under these conditions neither light was designated as the standard or 
comparison stimulus. This was verified after the experiment when the subjects 
reported that they thought that both lights were being varied in size as 
well as brightness. In addition, they evidenced surprise when th~y found that 
the light on their left (SLS) had never changed in size. 
TABLE VI 
Constant Errors for Both Subjects Under Binoclliar and Monocular 
Viewing Conditions (1:1 ratio) 
Subject J .H. 
Subject C.F. 
Hajor Experiment 
Binocular 
- .03211 
- .028 11 
Monocular 
- .013" 
- .038" 
4H 
TABLE VII 
Constant Errors for Both Subjects Under !.·onoculnr and Binocular 
Viewing Conditions at Three Levels of Brightness (1:1 ratio) 
Binocular viewing 
Subject J. H. 
Subject C.F. 
Honocular viewing 
Subject J.H. 
Subject C.F. 
Minor Experiment 
13.0 ft. lamberts 
- .038" 
- .051" 
- .034" 
- .029" 
3.33 ft. lamberts .035 ft.lamberts 
- .02011 - .02? 11 
- .051" - .069" 
- .019 11 - .025" 
- .055" - .085" 
One suggestion as to vmat might be responsible for this bias is derived 
fram an analysis of the data under monocular viewing conditions. In Tables 
VI and VII it can be seen that the direction of the bias was the same for 
both subjects. It will be recalled that the subject was required to use his 
preferred eye under monocular viewing and that for both subjects this proved 
to be their right eye. Thus, it can be seen that the position of the VLS 
corresponded to the dominant eye of both subjects. 
Additional support for the notion that eye dominance might have been the 
relevant variable for the bias is found in an experiment by Coules {4). In 
~() 
this study Coules, who was interested in another dependent variable - distance -
and its relationship to brightness, using the same apparatus, found this same 
systematic bias. He found that the subject using his right eye as the 
preferred eye responded to the VLS as being nearer than it actually '~s, 
while the subject using his left eye as the preferred eye responded to the 
SIS as being nearer. 
IV. TW Rm. \'l'IONSUJP C1F TI-R l"'RFSBNT JT\i"VT.:STIGATION TO ai'HSR STUDII!S 
So far as is known, there ;;re only two studies in this area with which 
to compare the rc;sults of the present experjments, Eolway and Boring (8) and 
Pheiffer ( 10). Of these two, the Pheiffer study came closer to the experi-
mental conditions of the present experiments. 
Considering Pheiffer 's study first, it will be recalled from Chapter II 
that in the two experi'llents which relate to the present study, Phei ffer varied 
the size of the standard stimulus. In the first experiment there were nine 
different sizes for the standard, while in the second experiment there were 
four different sizes used as the standard. In both experiments the distance 
from the subject vms fifteen feet. Thus there are only two situations -
the 2.000 11 standard in the first experiment and the 1.875 11 standard in the 
second experiment ·which are roughly comparable to the 2.00011 standard set at 
25 feet which represents the conditions in the present study. It must be 
remembered that Pheiffer did not find that brightness operated to make the 
brighter object appear larger with all of the other standard light source 
sizes. 
From these experimental conditions Pheiffer concludes that the greatest 
increase in the disc size that can be created by a brightness ratio (28:1) is 
probably on the order of 2/32 11 or .0625 11 • This is in close agreement with 
the result of the present study in vvhich it was found that an increment of 
.062 11 in the Major F..."'Cperiment occured and .087 in the lv':inor Experiment. 
Stating the findings in another wAy, it can be seen from Pheiffer 1s data 
that the greatest changes produced by a brightness difference was approxin~tely 
3% while in the present study the changes were 3% and 4% respectively. 
5J 
In regards to these percentage changes, it is difficult to explain the 
discrepancy bet·ween the results of the present study and that of Holway and 
Boring who obtained a 25% change due to brightness difference. Although 
52 
they used considerably greater distances between the subject and the light 
sources, the size of the light sources was such that the visual angle subtended 
at the subject's eye in their study and the present one are nearly the same. 
However, by using the percentage change as a means of comparison we find that 
for the Holway and Boring study the greatest change brought about by the 
largest brightness difference (100:1) was approximately 25%. This is con-
siderably greater than the percent change found in either the Pheiffer study 
or in the present experiments. It is not clear at this time as to what the 
relevant variables are for this discrepancy. One possible factor might be 
the fluctuations in pupil size brought about when the subject viewed indepen-
dently the two lieht sources which differed considerably in brightness. 
CH.~PT'T1R VI 
A major and minor experiment were devised to determine (1) the joint 
effect of brightness and size on judgments of size under binocular and 
monocular viewinp; conditions, and ( 2) to determine whether this relation-
ship holds for various absolute levels of brightness. 
An apparatus was constructed which permitted the presentation of two 
circular discs of light to a subject. A standard lip;ht stimulus was set 
at 2.000 inches while the variable light stimulus could be chan~ed fran 
1.6 to 2.4 inches in diameter. 
Particular attention was paid to control of the stimuli likely to 
influence size judgments. Included in the controls vrere: (1) control for 
accomodation, (2) control of stray light, (3) control for homogeneous disc 
illumination, (4) control for light scatter, (5) control for color temperature 
change, (6) control of auditory cues, and (7) control for constant pupil 
iUumination. 
The stimuli were presented according to the method of constant stimuous 
differences in the major experiment, while the up-do>vn method was used in 
the minor experiment. 
Psychophysical relationships were obtained between brightness and size 
and the percentage of "smaller" responses. The curves clearly indicated 
that brightness operated to make the brighter object appear lar~er. This 
relationship was evident under binocular as well as monocular viewing 
conditions. 
Under the conditions of the experiment (2.00011 standard) it was found 
that the increase of size due to brightness was on the order of 3--4 
percent. 
In the minor experiment where the size-brightness relationship was 
investigated under different levels of brightness, it was found that 
decreasing the level of brightness did not alter the relationship found in 
the major experiment. 
Lastly, it was noted that a systematic bias was evident throughout the 
data. That is, hoth subjects responded to the VIS as being larger than 
its actual physical size. Eye dominance was suggested as being the relevant 
variable producing this bias. 
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APPENDIX 
APFE!\lDIX {A) 
INSTRUCTIONS 
'.Ve are interested in knowing more about visual skills. In this case, 
the ability to judge size. Findings in this A.rea ·would be very useful for 
the air force. 
At times the task may be difficult or even boring since the experiment 
requires that you make many responses. This is not a test of intelligence 
5'7 
and there are no correct or incorrect responses. ~'Jith patience and cooperation on 
your part everything will go smoothly. 
As you may know, many experiments in vision require the subject to go 
through a period of dark adaptntion. This is the reason I would like you 
to wear these dark goggles. You won't be able to see with them, but I will 
lead you to the exper:iJnental room and vrhere you will be seated. Naturally, 
I won't let you bump into anything. 
Let me briefly indicate what we are going to do so that you will be 
able to understand the procedure we will be using. I am going to present to 
you two circular areas of light which will be varying in size. Sometimes, 
the light on your left Hill be smaller and at other times, the one on your 
right may be smaller. In some of the trials there will be such a small 
difference that you may have difficulty in deciding which lip:ht is smaller. 
On the other hand, some of the trials the difference may be greater and you 
will have difficulty in deciding. "'!hen the differences are large you may tend 
to respond rapidly and as a result you may tend to become lax and make snap 
judpments in those cases ·where the differences Are small and more care is 
needed. You may have to guard against this normal tendency by being careful 
in each trial and by paying particul;;r attention to the tvro lights before 
making your jud,o;ment. 
Your main task is to look at the two lights, using both eyes, and by 
.fixating first on one and then the other, judge the size o.f each. Once 
you have done this, you are then ready to report which one appears smaller. 
You will then say either: 
"The le.ft lie:ht is smaller" or, 
11 The right light is smallerll. 
This is all you have to do. Is that clear? Are there a~y questions 
so far? 1!le will have a fe1'! practice trials so that you may be able to become 
familiar with the set-up. 
This is the procedure we will use. You will be seated at the observer's 
station, which consists of a mask in which you position your head. In the 
mask is a small glass windovr. 1;'lhen the window is open, you will be able to 
see the two llghts. V·!hen the window is closed, you will not be able to see 
the two lights since the glass has been blackened. Before each trial you 
will keep the glass vd.ndow closed and your head in the mask. Heanwhile, I 
will be making the necessary adjustments. When I have finished, I will give 
you the ready signal by ringing a small hell. You will then: 
l. Raise the glass vd.ndow. 
2. ·wait a few seconds until your eyes adjust to the lights. 
3. Fixate first on one light and then the other -- back and forth a 
few times -- until you have estimated the sizes of the circular 
areas of light. 
4. ·,}hen you feel that you are ready, then you v1ill respond either: 
11The right light is smaller" or, 
"The left lipht is smaller". 
5. As soon as you.have done this, close the window and wait until I 
have made preparations for the next trial. After I have done this, 
along with record~ your responses, we will then go on to the 
second trial, and so on. 
At all times you should keep your head in the mask. There is a two-way 
intercommunication system located just below the mask and you may speak with 
me anytime you ¥dsh ¥dthout taking your head out of it. If for any reason 
you wish to take a break -- in addition to the ones we will be taking 
occasionally -- just tell me and we will cb so immediately. However, since 
taking a break means taking your head out of the mask, you must be sure to 
put your goggles back on before removing your head from the mask • 
. 4s I mentioned before, tb ere is an intercommunication box right near 
the mask. If you care to ask questions, etc., at any time feel free to do 
so. In the event I do not answer you immediately, this does not mean that 
I have not heard you nor that I am not paying attention to you. However, I 
am making settings and taking and recording readings; hence, I may be delayed 
before I can answer you. Please bear with me if this should happen. 
1.·!e are now ready for the e},_-periment itself. Are there any more questions? 
APPENDIX (B) 
DETERMIN ~TION OF THl~ PHOTOlffiTRIC BRIGHTNli'_BS V !\LUES 
The photometric brightness values were obt:lined in the followinr; manner. 
A photoelectric cell was placed at the end of the baffle tube of each light 
source. The distance settin~s of the light source were decreased fron the 
10 inch settine; by one inch increments which decreased the amount of illurPina-
tion on the opal ~lass in each housing unit. The percent drop in illumination 
was recorded for each increment change for both light sources. Than a MacBeth 
Illuminometer was used to obtain an average brightness value for each light 
source when the distance setting was at zero in ~oth the SLS and VLS. 
It is known that illumination and photometric brightness increase linearly. 
Therefore, starting with the values obtained for a zero setting in both the SLS 
and VLS, by a simple ratio of brightness and percent illumination, it was 
possible to obtain the brightness VAlues for the distance settings greater 
than zero. Figure (.A) in the appendix shows this rele:tionship. On the basis 
of these curves the various brightness values were derived, as well as the 
necessary distance settings to obtain the particulc.r brightness ratios 
desired. The curves in Figure (A) indicate the photometric brightnesses 
and corresponding distance settinps without any filters. In Experiment I, 
37% transmission ·.rrAtten Neutral Density Filters were used, thus reducing 
all points of the curves for both the SLS and VLS by a constant factor of 
0.63. In Experimeht II, 9.5% transmission 7fratten Neutral Density Filters 
were used, in addition to the 37% ones and for one part of the experiment 
the two filters were combined. In these situations the points of the curves 
of Figure (A) were reduced even further. 
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APPENDIX (C) 
RF.LIABILITY OF T~ DATA 
Since the major experiment required many daily sessions over a period of 
eight weeks, there was the possibility that behavior changes could be occuring 
to affect the data. 
Psychophysical curves were drawn for both subjects at each brightness 
ratio under both binocular and monocular viewing conditions. Figures B, C, 
D and E summarize the results. 
In addition, sample distributions were plotted for one subject to give 
an indication of the normo.lity of the curves obtained. Figure F. summarizes 
the distributions. 
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Interest in the fact that brightness influences judgments of size 
ant~dates the scienc•:! of psychology itsd{. However,. experimentation 
designed to determine the quantit.t.ti.v.:! rda.tionship between brightness 
and size is practically non -existent. In regard to how this type of 
relationship might be determined, it has ~een pointed out that the 
psychophysical methods permit a measure of the relationship between 
stimulus and response - - in this case, between brightness and judgments 
of size. Once this has been obtained, a stimulus-stimulus relationship 
may be derived which shows how one measurable stimulus condition 
varies with respect to another stimulus condition in order to produce a 
constant response. The objective of this study was to obtain both types 
of relationship. 
In particular, this study was designed (1) to determine the functional 
relationship between photometric brightness and judgments of size under, 
binocular and monocular viewing conditions, and (2) to see whether this 
relationship holds at various levels of photometric brightness. 
Analysis of previous investigations concerned with this relationship 
indicated that: ( 1) the experimental procedures used could not provide any 
information on the effect of brightness at any particular size level; and (Z) 
in general, the equipment was such that certain relevant cues -- such as 
color temperature changes of the light sources, stray light, and change 
in pupil size --were not controlled. The design and apparatus of the 
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present study were such as to increase control over these and other 
variables, in the experimental situation, which could serve as cues 
for size. 
The apparatus consisted of two sight sources and an observer's 
station. The subject, whose head was firmly positioned, looked at two 
circular light sources: a standard light stimulus (SLS) and a variable 
light stimuius ( VLS). Both lights were positioned 25 feet from the 
subject. At this distance size judgments are not affe.cted by accomodation 
cues. Baffle tubes were add·~d to the lights in order to eliminate stray 
light which would illuminate the experimental room. Illumination of 
the SLS and VLS was vc:.ricd by ch.1.nging the distance between the light 
bulb itself and the opal glass discs. This eliminated any color temperature 
change of the light stimuli themselves. The SLS remained fixed at 
2. 000 11 in diameter, while the VLS was constructed with a diaphragm 
which permitted the size to be varied from 1. 600" to 2. 400" in diameter. 
In addition, measures were taken to insure homogenous disc illumination, 
prevent light scatter, and mask auditory cues. 
Preliminary investigation indicated that (1) a . 025" size interval 
was necessary to insure differential size responses, and (2) photometric 
brightness ratios of less than 7. 5:1 had to be used to obtain differential 
responses of larger and smaller.. The ratios used in this experiment 
were: 1.6.25, 1:2.5, 1:1, 2.5:1, and6.25:1. 
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In the major experiment, two naive female subjects were used. 
The subjects participated in approximately 20 daily sessions spaced 
over a period of eight weeks. The instructions required the subject to 
report whether the light source on her right or the one on her left 
was smaller. The method of Constant Stimulus Differences was used 
to present the 85 stimulus combinations which consisted of . 02511 size 
increments at all of the five photometric brightness ratios. Both 
subjects were run first under binocular conditions ( 30 runs per 
stimulus combination) and then under monocular conditions (20 runs per 
stimulus combination). Under the monocular conditions the subject 
used his dominant eye. Both subjects had right-eye dominance. In 
this experiment only one photometric brightness level was used ( 13. 0 ft. 
lamberts). In each stimulus combination one of the light sources had a 
photometric brightness of 13. 0 ft. lamberts and the other light source 
was decreased to yield one of the five photometric brightness ratios used. 
All of the data was plotted in terms of the "smaller" responses to the VLS. 
In the n:tinor experiment, three levels of photometric brightness were 
used. The photometric brightness ratios, apparatus, and experimental room 
were the same as in the major experiment. The Up-Down method of 
stimulus presentation was used to obtain the various points of subjective 
equality. The instructions were slightly modified so that now the subject 
responded as to whether the light on the right was larger or smaller 
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than the one on the left. The three brightness levels used were 13. 0, 
3. 33, and . 035 ft. lambcrts. Filters were used at the end of the baffle 
tubes to produce the three levels. Data was collected under binocular 
and monocular viewing conditions. The subjects were run first at the 
13. 0 ft. lamberts level and then at the 3. 33 and • 035 ft. lamberts 
level respectively. Each point of subjective equality was based on 
approximately 60 responses. 
In the major experiment, it was found that photometric brightness 
and size jointly affected judgments of size. Psychophysical functions were 
obtained between the percent frequency of ''smaller" responses to the VLS 
and size for the five brightness ratios. It was found that systematic 
t;hanges in photometric brightnes1 affected the position (but not the shape) 
of the curves on the size dimension. Stimulus- stimulus functions were 
derived from the psychophysical curves when three values of response 
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frequency (25'¥o, 50~, a.nd 75~) were held constant. It was found that 
for all values of response frequency, the size of the VLS was an increasing 
function of the logarithm of the brightness ratios at a constant response 
frequency. From this it was concluded that a small bright object was 
equivalent to a larger dimmer object. The same relationships noted 
above were found under monocular conditions as well. A comparison of 
the results under binocular and monocular conditions, with size held 
constant, showed that the percent frequency of "smaller" responses is 
an increasing function of the logarithm of the photometric brightness 
ratios. 
... 
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In the minor exl?·-·riz::v=nt, it was found that the size -brightness 
r ·1 ~ti onshi?, d:·rr.on -;tr,~t·.'d in t~c m2.jor experim,.nt, pc- r si sted at all 
three absol·.1te brightness l·,vels. It w;~s concl•.1ded that within the 
limits of this ext>~rim,!nt, brightness l<~vels do not .dter th~ basic 
rcb.tionship. This san1e situ.-~otion was found to hold under monocular as 
well l.S bino·::ul::~r vi.·wing conditions. 
Ex :1mb.·, tion of the psy ;::hophysical rela tionshi;_Js in the major and 
minor experiments revt>aled <1 systematic bias tow:~.rds the VLS. That 
is, the VLS w;-~s responded to as being larger than its actual psysical 
size. Ocular dominanc1~ of the subjects corresponding to the physical 
position of th(! light sm1rces (left or right) wz..s suggested as a factor to 
2.CCOU:1t for thiS bi.:l.S, 
AUTOBIOGRAPHY 
Edward J. Robinson was born in Spencer, Iowa, on September 21, 1923. 
He is a graduate of Acalanes Ii..igh School in Lafayette, Californj_a, in 1941, 
and did his undergraduate work at the University of California at Berkeley, 
California, receiving the degree of Bachelor of Arts in 1949. 
In 1949, he entered Boston University Graduate School and received the 
dep:ree of 1.1aster of Arts in Psychology in 1950. Since that time, he has been 
studying for a doctorate in Experimental Psychology. 
